
GALACTIC HYDROGEN AS A HAZARD I N  AURORAL SPECTROSCOPY 

by 

L, E, J. Montbriand 
Defence Research Northern Laboratory 

Ft. Churchi l l ,  Manitoba 
Canada 

B, A ,  Tinsley 
Southwest Center for Advanced S tud ie s  

Dallas, Texas 

A ,  Vallance Jones 

Saskatoon, Canada 
Universi ty  of Saskatchewan GPO PRICE $ 

OTS PRICE(S) $ 

October, 1964 

Hard copy (HC) /e7 
Microfiche (M F) 

The r e sea rch  r epor t ed  i n  t h i s  paper was supported i n  p a r t  by t h e  
Geophysics Research Direc tora te ,  A i r  Force Cambridge Research Center, 
Office of Aerospace Research under Contract  AF19(628)-2829 and i n  
p a r t  by t h e  National Aeronautics and Space Adminis t ra t ion under 
Grant NSG-279-62, 

Accepted f o r  pub l i ca t ion  in  the  Canadian Journa l  of Phys ics  
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B o  A. Tinsley 

A. Vallance Jones 

A B S T R A C T  

Hydrogen emissions from d i f f u s e  g a l a c t i c  nebulae i n  t h e  Milky 

Way region have been found t o  i n t e r f e r e  s e r i o u s l y  a t  times with s t u d i e s  

of t h e  occurrence of a u r o r a l  hydrogen emissions made with p a t r o l  spec t ro-  

graphs. Charts have been prepared i n  which t h e  b r igh tnesses  of g a l a c t i c  

hydrogen i s  p l o t t e d  i n  g a l a c t i c  coordinates  as contour  l i n e s  of cons tan t  

b r igh tness  i n  Rayleighs. 

as t ronomical  l i t e r a t u r e  i n  a form s u i t a b l e  f o r  use i n  upper atmosphere 

spectroscopy, 

' 

This presents  t h e  information a v a i l a b l e  from t h e  
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GALACTIC HYDROGEN AS A HAZARD I N  AURORAL SPECTROSCOPY 

1. In t roduct ion  

Since t h e  discovery of t h e  Balmer l i n e s  of hydrogen i n  t h e  a u r o r a l  

spectrum by Vegard (1939) and t h e  work of Meinel (1951) on t h e  Doppler 

s h i f t  and broadening a s soc ia t ed  with these  l i n e s ,  t hey  have been in- 

t e n s i v e l y  s tud ied .  

p r o f i l e s ,  t h e  d i s t r i b u t i o n  of i n t e n s i t y  with he ight  and of t h e  t i m e  and 

geographical  v a r i a t i o n s  of t h e  hydrogen emission i n  r e l a t i o n  t o  o t h e r  

features of t h e  a u r o r a l  spectrum. 

Experimental  measurements have been made of t h e  l i n e  

Auroral  spectroscopy is normally c a r r i e d  ou t  with ins t ruments  having 

r e l a t i v e l y  l a r g e  f i e l d s  of view ( r a r e l y  smaller tha7  2 O  x 2 O  and o f t e n  

much l a r g e r ) .  

cep t ion  of t h e  moon, of course)  averaged over  such f i e l d s  are u s u a l l y  

n e g l i g i b l e  i n  comparison with t h e  au ro ra l  emission f e a t u r e s  and indeed 

f a l l  below t h e  th re sho ld  of d e t e c t a b i l i t y  of t h e  spec t roscop ic  instruments  

used. 

i s  apprec iab ly  contaminated by a s t e l l a r  continuum. 

has shown t h a t  g a l a c t i c  Ha emission a r i s i n g  from reg ions  of t h e  Milky Way 

contaminates t h e  Ha glow from f luoresence of hydrogen i n  t h e  t e r res t r ia l  ex- 

osphere ( t h e  geocorona). 

The emissions of e x t r a - t e r r e s t r i a l  sources  (wi th  t h e  ex- 

This  is n o t  t h e  case however with t h e  n i g h t  a i rg low spectrum which 

Recently Dufay (1961) 

Since d i f fuse  gaseous n u c l e i  emi t t ing  Ha l i n e s  are t o  be found i n  

t h e  Milky Way (Johnson, 19531, it is not  s u r p r i s i n g  t h a t  emissions from 

such sources  should also be capable of producing contaminatipn of t h e  
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hydrogen l i n e s  

to become most 

of a u r o r a l  s p e c t r a ,  T h i s  contamination 

s e r i o u s  when a t t empt s  a re  made t o  s tudy  

might be expected 

t h e  a u r o r a l  l i n e  

a t  low b r igh tness  l e v e l s  with high s e n s i t i v i t y  ins t ruments ,  e s p e c i a l l y  if 

t h e  f i e l d  of view is  a l s o  r e s t r i c t e d .  

This paper records  two cases  i n  which t h e  hydrogen emissions from 

g a l a c t i c  sources  were recorded with au ro ra l  spectrographs a t  a level 

s t rong  enough t o  be a source of se r ious  confusion i n  t h e  i n t e r p r e t a t i o n  

of t he  auroral spectrogram. The f i r s t  i n s t ance  occurred during a 

s tudy  of low- la t i tude  aurora  by two of t h e  au thors  (B.A,T. and A , V , J . ) ,  

while t h e  second arose  r e c e n t l y  during t h e  course of a synopt ic  s tudy  

of t h e  behavior of t he  hydrogen emissions from Churchi l l  c a r r i e d  out  

by t h e  t h i r d  au thor  (L.E,J.M.), 

under certain circumstances c o n s t i t u t e  a hazard i n  t h e  i n t e r p r e t a t i o n  of 

a u r o r a l  s p e c t r a  it seemed worthwhile t o  r e p o r t  t h e  observa t ions ,  

Since t h e s e  g a l a c t i c  hydrogen sources  do 

To assist in  d i s t ingu i sh ing  g a l a c t i c  sources  from a u r o r a l  o r  

geocoronal sources  i n  o t h e r  observat ions,  c h a r t s  were prepared from t h e  

d a t a  a v a i l a b l e  i n  t h e  astronomical  l i t e r a t u r e ,  These c h a r t s  show t h e  

b r igh tness  of g a l a c t i c  sources  over  the  sky i n  a form s u i t a b l e  for  a u r o r a l  

and airglow work, 

2 , Experimental 

The southern hemisphere observat ions were made using t h e  spectrograph 

descr ibed  by Tinsley and Vallance Jones (19621, 

2-in,  g r a t i n g  spectrograph having a l i n e a r  d i spe r s ion  of 3158/mm and a 

speed of f / l , l ,  

a v e r t i c a l  a r c  24,5O of t h e  sky on the  s l i t ,  

t h e  l i n e  of s i g h t  of t h e  instrument centered a t  a po in t  18O west of south  

and a t  an e l eva t ion  angle  of 13O above t h e  horizon,  

This  instrument  is  a 

The spectrograph was f i t t e d  with an o b j e c t i v e  l e n s  focusing 

Spectra  were obtained with 

A s  p a r t - o f  a sys temat ic  
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s tudy  of t h e  occurrence of a u r o r a l  hydroken l i n e s  a t  a low l a t i t u d e  

s t a t i o n  two exposures were taken from Chris tchurch,  New Zealand each 

n i g h t  during t h e  per iod  of darkness ,  one before  midnight and one after,  A 

t y p i c a l  p a i r  of s p e c t r a  obtained on rhe n i g h t  of September 21/22,  1960 are 

shown i n  Fig. 1. A s p e c t r a l  s l i t  width of about 30A was employed, These s p e c t r a  
0 

show, i n  add i t ion  t o  a d i f f u s e  f e a t u r e  along, t h e  whole l eng th  of t h e  s l i t  a t  

about 6560A a r e l a t i v e l y  s t rong  segment of Ha emission f o r  t h e  pre-midnight 
0 

exposure a t  two p o i n t s  on t h e  s l i t  which correspond wi th  ang le s  of 16O 45 '  and 

20° 45'  above t h e  horizon. When it was found t h a t  i d e n t i c a l  f e a t u r e s  occurred 

i n  s p e c t r a  taken on a series of clear n i g h t s  and i n  view of t h e  unl ike l ihood 

of any a u r o r a l  emission being so s t rong ly  l o c a l i z e d  during an exposure 

l a s t i n g  s e v e r a l  hours ,  it was immediately suspected t h a t  some astronomical  

source was involved. One may deduce from t h e  evidence presented  i n  Fig,  1 

t h a t  such a source would have t o  l i e  a t  a d e c l i n a t i o n  of about -59O 27 '  and 

-62O 51' and i n  a range of r i g h t  ascension of 10 hours 40 minutes t o  1 4  

hours 10  minutes. In  an at tempt  t o  obta in  more p r e c i s e  information a 

series of 30 minute exposures w e r e  c a r r i ed  out  with t h e  same instrument on 

t h e  n i g h t  of October 6 ,  1960. The spectrograph with t h e  same wide angle  

o b j e c t i v e  lens  was poin ted  i n  t h e  same d i r e c t i o n .  Ha emissions were observed 

corresponding t o  those  of Fig. 1 on only two frames, namely those  taken 

between 2005 t o  2032 hours and 2033 and 2101 hours NZST. T r a n s i t s  of t h e  

stars B-Crucis and u-Centauri show up on t h e  spectrograms and t h e s e  were 
4 

used t o  c o r r e c t  t h e  ce les t ia l  coordinates  der ived from t h e  nominal coord ina te s  

of t h e  l i n e  of s i g h t ,  The r e s u l t s  f o r  t h e  l o c a t i o n  of t h e  sources  are 

p l o t t e d  on Fig. 2, 



The instrument a t  Church i l l  was a spectrograph of t h e  type  descr ibed  
0 

by Clark and Romick (1959). 

a s p e c t r a l  slit width of 25 A and employs a 600 line/mm d i f f r a c t i o n  g ra t ing .  

A 64 mm f /0 .71 Wray l e n s  is  used i n  t h e  camera. This  instrument  h a s  its sl i t  

o r i e n t e d  along t h e  geomagnetic meridian and consequent ly  v a r i a t i o n s  along t h e  

s p e c t r a l  l i n e s  can be c o r r e l a t e d  with zen i th  d i s t a n c e s  of any sources  c ros s ing  

t h e  meridian.  

This  instrument has  a l i n e a r  d i s p e r s i o n  of  260 A/mm, 
0 

With t h i s  instrument s imilar  r ecu r ren t  i s o l a t e d  segments of Ha emission 

were observed i n  t h e  spectrograms on seve ra l  success ive  n igh t s .  

hydrogen emission was de tec t ed  on four teen  occasions dur ing  August 1963. 

remaining n i g h t s  were e i t h e r  ove rcas t  o r  t h e  effect  was obscured by s t r o n g e r  

a u r o r a l  emissions.  

hydrogen emission is  recorded. 

This  d i s t i n c t i v e  

The 

Fig. 3 shows a series of  frames on which t h i s  r e c u r r e n t  

Some aurora and a u r o r a l  hydrogen is t o  be 

seen a t  low e l e v a t i o n s  i n  t h e  south  on t h e s e  spec t r a .  

o f  occurence of t h i s  p a r t i c u l a r  hydrogen is p l o t t e d  f o r  a per iod  throughout 

September and August 1963; t h e  times of t h e  exposures on which t h e  hydrogen 

was Observed ind ica t ed  by t h e  ho r i zon ta l  bars .  

t h e s e  observa t ions  has  a s lope  corresponding t o  r e t a r d a t i o n  o f  4 minutes p e r  

day i n  t h e  time of  record ing  t h e  emission. Since t h i s  is t h e  d i f f e r e n c e  be- 

tween t h e  s i d e r e a l  and s o l a r  days it may be concluded d e f i n i t e l y  t h a t  t h e  emission 

arises from an astronomical  source.  The celestial  coord ina te s  o f  t h i s  source 

were es t imated  t o  be 6 = 75 - 2 O  and a = 21 hrs .  0 minutes 10 minutes. The 

On Fig. 4 t h e  time 

A s t r a i g h t  l i n e  drawn through 

+ 

l o c a t i o n  of t h i s  source is p l o t t e d  on a s tar  map i n  Fig. 5 .  

Besides t h i s  r a t h e r  l o c a l i z e d  source of hydrogen emission t h e r e  seemed 

t o  be o t h e r  more d i f f u s e  r e c u r r e n t  f e a t u r e s  appearing t h e  t h e  spectrograms. 
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An a n a l y s i s  of t h e s e  was c a r r i e d  ou t  using a t o t a l  of 76 spectrograms obta ined  

on e leven  d i f f e r e n t  n i g h t s  i n  August 1963. These spectrograms were a l l  free 

of a u r o r a l  emissions. 

Fig. 5 on which t h e  squared-off reg ions  i n d i c a t e  t h e  coord ina te s  corresponding 

The resu l t s  of t h i s  a n a l y s i s  are a l s o  p l o t t e d  on 

t o  t h e  r eg ions  which could have given rise t o  t h e  observed recurrent hydrogen 

emiss ions  and on which r eg ions  corresponding t o  p a r t i c u l a r l y  i n t e n s e  hydrogen 

emissions are i n d i c a t e d  by cross-hatching. 

of Fig. 5 with Fig. 3 ,  p a r a l l e l  l i n e s  are drawn s lop ing  from r i g h t  t o  l e f t  

from t h e  t o p  t o  t h e  bottom of t h e  diagram t o  correspond wi th  t h e  f i e l d  of 

view of t h e  spectrogram s l i t  a t  d i f f e r e n t  times on t h e  n i g h t  o f  August 11/12, 

A s  a guide t o  t h e  correlation 

1963 . 
3, Discussion and Conclusions 

From t h e  d a t a  presented  above it  may be concluded without doubt t h a t  

as t ronomica l  sources  g ive  rise t o  hydrogen emissions which are b r i g h t  enough 

t o  be recorded on h i e h l y  s e n s i t i v e  a u r o r a l  spectrographs.  The sources  of t h e  

emissions observed i n  t h e  southern  hemisphere are  probably gaseous nebulae 

which are known t o  emit t h e  Balmer l i n e s  s t r o n g l y  and also are l a r g e  enough t o  

i l l umina te  t h e  s l i t  o f  t h e  spectrograph e f f i c i e n t l y ,  

In  an a t tempt  t o  v e r i f y  t h i s  conclusion and a l s o  t o  provide  more 

complete d a t a  on t h e  hydrogen emi t t ing  r eg ions  of t h e  sky, c h a r t s  were 

prepared from a v a i l a b l e  astronomical d a t a  on ce les t ia l  sou rces  o f  Ha emission. 

The c h a r t s  are drawn on t h e  new g a l a c t i c  coord ina te  system, and i n  a d d i t i o n  

r i g h t  ascension and d e c l i n a t i o n  coord ina tes  f o r  epoch 1950 are shown. 

approximate o l d  g a l a c t i c  coord ina tes  are shown a l s o .  

Some 

The emission r e g i b n s  

shown by Rodgers e t  a l e  (19601, Sharpless,  (1953);  Sha rp le s s  and Osterbrock, 

(1952); and Johnson, (1953) have been drawn on t h e  c h a r t s .  

Approximate b r i g h t n e s s e s  are shown, Contours have b e e i  drawn for  60 

Rayleighs,  200 Rayleighs, and 600 Rayleighs. Regions between 60R and 200R 
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are shown grey;  r eg ions  between 200R and 600R are shown c r o s s  hatched, 

and r eg ions  above 600R are shown blackened, The broad areas of f a i n t  

emission shown by Sharp less  and Osterbrock (1952) apparent ly  have i n t e n s i t i e s  

less  than  60R, and are shown bounded by heavy dashed l i n e s .  

d a t a  is taken from Johnson (19601, f o r  t h e  southern r eg ions  (Figs .  8 and 

9 )  and where poss ib l e  from Johnson (1953) for  t h e  nor thern  r eg ions  (F igs ,  6 

The b r i g h t n e s s  

and 7).  

scale from t h e  a r b i t r a r y  b r igh tness  scale of Sharp less  (19531, s i n c e  h i s  

observing reg ion  over laps  t h a t  of Johnson (1960) i n  t h e  range 1" = 350° - 
40° . 

In  a d d i t i o n  it has  been poss ib l e  t o  get a rough abso lu te  b r i g h t n e s s  

Johnson's (1960) b r igh tnesses  must be obtained by s u b t r a c t i n g  a r ed  

continuum t h a t  can only be es t imated  from br igh tnesses  i n  t h e  yellow, 

and can g ive  u n c e r t a i n t i e s  of  l O O R  o r  m'ore. 

were obtained spec t rog raph ica l ly ,  and may be i n c o r r e c t  by a f a c t o r  of 2. 

Johnson's (1953) b r igh tnesses  

In  view of  t h e  u n c e r t a i n t i e s  i n  t h e  source material, and i n t e r p o l a t i o n  re- 

qui red  i n  drawing new contours ,  t h e  b r igh tnesses  shown on any p o s i t i o n  on 

t h e  c h a r t s  may be i n  e r r o r  by a f a c t o r  of 3. The 60R contour  is t h e  least 

accu ra t e  of t h e  t h r e e  shown, 

Small Ha sources  less than lo in  diameter  have been drawn lo i n  d ia -  

meter and t h e i r  b r igh tnesses  correspondingly reduced. 

became less  than  60R they  were neglected.  

If t h e  b r igh tnesses  

The survey of Sharp less  (1953) 

ex tends  only  a f e w  degrees  e i t h e r  s ide  of t h e  g a l a c t i c  equator ,  and t h a t  

of Rodgers, e t  a l .  (1960) ex tends  t o  about  15O n o r t h  and south.  However 

t h e  c h a r t s  are drawn t o  cover  f24O of l a t i t u d e ,  with Figure 8 extending t o  

+30°, so t h a t  t h e  emission reg ions  around A and 8 Orionis  and c Ophiuchi are 

included. Other emission r eg ions ,  e,g, i n  t h e  Magellanic c louds,  may be 
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present  a t  l a t i t u d e s  o u t s i d e  t h e  range f15O i n  t h e  region 1" = 240° - 
340° but  no o t h e r s  are shown i n  t h e  survey of Sharp less  and Osterbrock 

(19521, which covers  a wide area around t h e  nor thern  Milky Way, 

son of Fie.  2 and Fig. 9 and Fie.  5 and Fig. 7 shows t h a t  i n  both cases 

Compari- 

t h e  emissions d e t e c t e d  by t h e  spectrographs correspond t o  r e g i o n s  of 

ce les t ia l  emission with b r i g h t n e s s  g r e a t e r  than  600R. 

From t h e  p o i n t  of view of a u r o r a l  spectroscopy t h e  spectrograms show 

t h a t  t h e  i n t e n s i t y  of t h e  Ealactic hydrogen can be a s  b r i g h t  as or  b r i g h t e r  

than auroral  hydrogen, This  is shown c l e a r l y  i n  Fig, 3 which show both 

a u r o r a l  hydrogen and g a l a c t i c  hydrogen. For t h e  spectrograms taken between 

2330 and 2340, 2340 and 2350, and 0010 and 0020, t h e  b r i c h t n e s s  of t h e  

g a l a c t i c  hydrogen emissions are p r e a t e r  o r  e q u a l  t o  t h e  b r i g h t n e s s  of t h e  

a u r o r a l  hydrogen. I t  is easy t o  imagine t h e  p o s s i b i l i t y  of drawing er- 

roneous conclusions about t h e  behaviour of t h e  hydrogen l i n e s  i n  aurora  

i f  t h e  two t y p e s  of emission are n o t  d i s t i n g u i s h e d ,  Moreover t h i s  p a l a c t i c  

hydrogen emission c o n s t i t u t e s  a background which can s e r i o u s l y  hamper a t tempts  

t o  d e t e c t  and s tudy very f a i n t  proton-excited a u r o r a l  hydroeen emissions 

from t h e  upper atmosphere. This  d i f f i c u l t y  could be p a r t l y  overcome by 

s u b t r a c t i n E  t h e  p a l a c t i c  cont r ibu t ion  as piven i n  Fips.  6 t o  9 from t h e  

i n t e n s i t i e s  der ived  from t h e  a u r o r a l  spectroErams. A l t e r n a t i v e l y  favorable  

o r i e n t a t i o n s  could be chosen for  t h e  ins t rumenta l  l i n e s  of s i g h t  so t h a t  

r e g i o n s  of g a l a c t i c  hydrogen emission would n o t  be focussed on t h e  slit .  

Unfortunately t h e  l a t t e r  requirement may c o n f l i c t  with t h e  d e s i r e  t o  monitor 

a p a r t i c u l a r  s t r i p  i n  t h e  upper atmosphere i n  cooperat ive synopt ic  s t u d i e s ,  
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CAPTIONS FOR FIGURES 

Fig. 1 Long-sli t  s p e c t r a  of n ightsky  obtained from Chris tchurch,  New 

Zealand, September 21-22, 1960, Angular l eng th  of s l i t  24.S0* 

The l eng th  of t h e  slit  l a y  i n  a v e r t i c a l  p lane  with t h e  center of t h e  l i n e  

of s i g h t  of t h e  spectrograph o r i e n t e d  S18O W a t  an e l e v a t i o n  of 1 3 O .  

The c a l c u l a t e d  d e c l i n a t i o n s  of astronomical  sources  c ros s ing  t h e  s l i t  

are indica ted .  

and spectrum b between 0007 and 0430 hrs.  

c ros s ing  t h e  s l i t  are recorded. 

Ha emission a t  d e c l i n a t i o n s  of -59O 27' and -62O 51'. 

Fig. 2 

Spectrum a was obtained between 2030 and 2352 h r s .  NZST 

The s p e c t r a  of s e v e r a l  stars 

Spectrum a shows two segments of s t r o n g  

S t a r  map showing t h e  r eg ions  from which t h e  Ha emissions of Fig,  1 

must have o r ig ina t ed .  These reg ions  which are ind ica t ed  by t h e  

cross-matched r e c t a n g l e s  were deduced from t h e  exposures of Fig. 1 and 

also from a second se t  of 30-minute exposures as descr ibed  i n  t h e  tex t .  

The probable sources ,  d i f f u s e  g a l a c t i c  nebulae,  l y i n g  wi th in  t h e s e  r eg ions  

are ind ica t ed  as s o l i d  d i s c s ,  

t h e  spectrograph slit on t h e  sky for  t h e  beginnings and end of t h e  exposures 

On t h i s  map a l s o  are p l o t t e d  t h e  images of 

shown i n  Fig. 1. 

Fig. 3 Patrol spectrograms obtained a t  Churchi l l ,  Manitoba for  t h e  n i g h t  

of August 11/12, 1963. 

P l o t  of t h e  time of appearance of t h e  segment of Ha which appeared 

between 0010 and 0020 hrs .  CST i n  Fig. 3 on succeeding s p e c t r a  

Segments of g a l a c t i c  Ha are marked. 

FiR. 4 

taken  la te r  i n  August and September, 1963. 

Fig. 5 S t a r  map showing t h e  Ha emi t t i ng  r eg ions  of t h e  sky as observed 

from Churchi l l .  The boundaries of t h e  Milky Way are i n d i c a t e d  by 

t h e  dashed l i n e  while t h e  reg ions  within which Ha emission wps observed 
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ou t l ined  by t h e  s o l i d  l i n e  of "histogram-like" appearance , The r eg ions  

of p a r t i c u l a r l y  s t rong  Ha emission a r e  shaded, Lines of d e c l i n a t i o n  and 

r i g h t  ascension are ind ica t ed  as also are  t h e  l i n e s  showing t h e  image of t h e  

s l i t  on t h e  sky f o r  d i f f e r e n t  times on August 11/12 ,  1963, 

F i g s ,  6 Brightness  contours  of c e l e s t i a l  Ha emission der ived from t h e  

t o  9 astronomical  l i t e r a t u r e  as descr ibed i n  t h e  t e x t ,  - 
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